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AXIAL ROTATION OF THE BRIGHTER STARS 
IN THE PLEIADES CLUSTER* 


By ELsa vAN DIEN 


ABSTRACT 


The rotational velocities of eighteen B-type stars were measured from the 
absorption-line profiles of 4481 Mg II, and estimated for seventy-five stars of 
types B6 to GO from two to five spectral plates for each star. The influence of 
the instrumental profile was taken into account. Velocities under 30 km./sec. 
could not be measured; the maximum velocity found was about 300 km./sec., 
the mean approximately 90 km./sec. Statistical analysis showed that a Max- 
wellian distribution of the rotational vectors represents the observed distribution 
satisfactorily. 


INTRODUCTION 


Struve and Shajn have first shown! that it is possible to derive 
the rotational velocity of a star from the profiles of the absorption 
lines in its spectrum. The general argument is easy to follow. 
Suppose a star is rotating, the axis of rotation being perpendicular 
to the line of sight. One half of the visible disc then will be receding 
from the observer and the other half approaching. Doppler effect 
will cause a displacement of the absorption lines, from the two 
halves of the disc, to the red and the violet respectively, and this 
effect integrated over the whole disc will result in a broad, dish- 
shaped line. In computing the line profiles certain assumptions 
must be made as to shape and illumination of the stellar disc. 
Struve and Shajn assumed circular discs of uniform brightness; 


*Contributions from the Dominion Astrophysical Observatory, No. 14. 
1M.N., vol. 89, p. 222, 1929. 
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Carroll? gave a more detailed theory in which limb darkening was 
taken into account. Elvey*® and Miss Westgate‘ 5 applied the 
method of Struve and Shajn in measuring and estimating rotational 
velocities of a large number of stars. Miss Westgate gave the 
distribution of apparent and true velocities of 275 B stars and 413 
A stars. Smith and Struve® published estimated rotational veloci- 
ties for 69 members of the Pleiades cluster; this paper will be 
referred to as “paper I.” 

The present Contribution deals with rotational velocities which 
have been measured for eighteen B-type stars and estimated for 
seventy-five stars of types B to GO in the Pleiades cluster. 


COMPUTATION OF LINE PROFILES 


In computing our standard set of line profiles we used the simple 
theory as given by Struve and Shajn. If the line-shape in a non- 
rotating star is known the profiles resulting from this at various 
speeds of rotation are readily found. In order that the same set of 
computed profiles may be used through a fair range of spectral 
types the shape of the line must not change even if the central and 
total absorptions vary from one spectral subdivision to the next. 
This is certainly not true for strong winged lines, and therefore a 
line should be used which, though present in all B-type stars, is 
still weak enough to be essentially of Doppler shape, and which is 
moreover free from blends and not influenced by Stark effect. For 
these reasons the same line was selected which Elvey® used in his 
earlier treatment of rotation, namely \4481 Mg II. The line \4471 
He I was not used because of the possibility of Stark broadening. 

The spectral lines as observed with the relatively low dispersion 
of single-prism spectrographs are, however, distorted by instru- 
mental broadening. Corrections of the observed profile for this 
effect are lengthy, but after a discussion with Dr. R: M. Petrie it 
was found that such corrections can be omitted altogether. It is 
easily proved that the profile of a line broadened by rotational and 
instrumental effects can be computed by applying the rotation on 


2M.N., vol. 88, p. 548, 1928. 
3Ap. J., vol. 71, p. 221, 1930. 
‘Ap. J., vol. 77, p. 141, 1933. 
5Ap. J., vol. 78, p. 46, 1933. 
‘Ap. J., vol. 100, p. 360, 1944. 
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the observed, instrumentally-broadened line profiles of a non- 
rotating star. 

Let the true profile in a non-rotating star be I (A), the ro- 
tational operator R, the instrumental operator S. The profile 
caused by rotation before passing through the spectrograph is 


+0 
= | RA I(A)dd 
and after passing through the spectrograph 
+o 
-| — A) da 


= SQi yar RO — Ai)I(A)dA ....(1) 


It is understood that both R and S are normalized so as not to 
change the total absorption in the line. It is clear that inter- 
changing the order of the integrations in (1) is the mathematical 
expression of the procedure mentioned above. 

The star Maia (H.D. 23408, spectrum B7) was found to have 
the narrowest line profiles, which are not much wider than those to 
be expected from the projected slit-width. The line 4481 in its 
spectrum was, therefore, adopted as a standard corresponding to 
zero rotational velocity and profiles were computed for velocities 
30-75-150 and 225 km./sec. The basic formula has the usual form 


==] 10) 4/1 - 2) a(= 
in which J(A) is the profile observed in Maia, v, is the equatorial 
rotational velocity in the line of sight, and 


(c = velocity of light). 
The resulting computed profiles are shown in figure 1. It is seen 
that there is hardly any difference between the unbroadened line 
and the profile for 30 km./sec. Hence it is not possible, with the 
instrument used, to distinguish rotational velocities less than 
30 km./sec. 

The half-width of the line (i.e., the width at which the absorption 
is half of the central absorption) was found to be a good measure 
of the rotational velocity, and is, moreover, independent of central 
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intensity as long as the line-shape is not changed. It was found 
that the half-width is proportional to the velocity, except near the 
lower limit. 

One more point should be considered. Of the 62 plates measured, 
40 were obtained with the same camera (M) as the standard spectra 
of Maia, and the others were taken with a camera of shorter focal 
length (S). If the slit-width is the same for both cameras, its image 
on the spectral plate is equally wide on a wave-length scale, and the 
same relation between half-width and rotational velocity can be 
used for 1M and 1S spectra. However, the short-focus camera is 
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Fig. 1.—The observed profile of \ 4481 in Maia (dashed) and resulting computed 
profiles for rotational velocities of 30, 75, 150, and 225 km./sec. 


mostly used for fainter stars, and the slit-width of 0.05 mm. for the 
1M is increased to 3/2 X 0.05 mm. for the 1S. If we assume that 
the profile of the slit image is essentially a Gaussian curve—which 
is the usual assumption—then the widening of the slit will result 
in increasing its half-width by a factor of 3/2, or very nearly so. 
Suppose that the observed standard profile is purely instrumental 
and that with the M camera a velocity v results in a half-width w. 
A little consideration then shows that for the S camera a velocity 
3/2 v will result in half-width 3/2 w. Ifthe observed unbroadened 
profile arises partly from the instrumental profile and partly from 
the true line shape, the factor 3/2 is somewhat reduced, but the 
proportionality is retained. Since v and w are proportional, it 
follows that the same relation can be used for the 1S as for the 1M 
spectra. Only at the low velocity limit is some revision necessary 
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and, in particular, the lowest velocity observable with the 1S 
becomes of the order of 50 km./sec. That the slit-width does not 
affect the relation between velocity and half-width is obviously due 
to the fact that at high velocities the width of the line greatly ex- 
ceeds that of the projected slit, so that we observe essentially the 
true rotationally-broadened profile. 


OBSERVATIONAL MATERIAL 


Dr. J. A. Pearce kindly put at the writer’s disposal his collection 
of nearly 250 spectra of 75 stars belonging to the Pleiades cluster. 
The spectral types were redetermined by Dr. Pearce and are divided 
over the spectral classes as follows: 

B6-B9 18 stars, AO-A7 45 stars, FO-GO 12 stars. 

The fact that the observations do not yet include more solars 

type stars is due to the faintness of these objects. Measurement- 


TABLE I 


ROTATIONAL VELOCITIES MEASURED FOR 18 B-TYPE STARS 
IN THE PLEIADES 


Measured 

H. D. mv | Sp. Instr. | No. of | rotational Prob. Estimated 

Velocity error Velocity 

km./sec. | km./sec. km./sec. 
23288 | 5.77 | B7 M 2 219 212 
23302 | 3.88 | B6 M aa 158 9 175 
23324 | 5.81 | BS M + 178 9 175 
23338 | 4.46 | B6 M + 95 + 112 
23387 | 7.43 | BO S + 99 11 75 
23408 | 4.07 | B7 M 2 30 30 
23432 | 5.88 | B9 M 4 119 3 142 
23441 | 6.52 | B9 S 3 256 19 220 
23480 | 4.42 | B6 M 5 224 14 230 
23568 | 6.96 | B9 |S+M/3+1 169 + 182 
23630 | 3.06 | B7 M 2 178 175 
23753 | 5.60 | BS M 4 250 6 267 
23850 | 3.75 | B8 M + 198 16 190 
23873 | 6.69 | B9 S 4 85 3 67 
23913 | 7.1 B9 S 4 187 12 177 
23923 | 6.25 | B9 |S+M)|3+1 304 13 225 
23950 | 6.2 B9 M 2 75 67 
23964 | 6.97 | B9 S 4 146 17 70 
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were carried through for only the 18 B stars, for which 62 spectra 
were available. The star H.D. 23862, Pleione, was omitted because 
the sharp-lined spectrum doubtless belongs solely to the shell. Of 
the 62 spectra measured, 40 were taken with the 1M spectrograph 
(dispersion 30A/mm at Hy) and 22 with the 1S spectrograph 
(51A/mm at Hy). The spectra were analysed and reduced in the 
usual way with the microphotometer and intensitometer of this 
Observatory, using a 200-fold magnification in the wave-length 
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Fig. 2.—Comparison of velocities measured (abscissae), 
and estimated, at Victoria. 


coordinate. Results are given in Table I; the visual magnitudes 
to two decimals in the second column were taken from Binnendijk’s 
publication ;’? those to one decimal from Trumpler’s paper.*® 

These measured values made it possible to obtain, from visual 
inspection of the spectrum, a fairly good idea of a star’s velocity. 
Velocities then were estimated independently for all 75 stars, 
including the B stars. The last column of Table I gives the mean 
of the estimated values; the agreement with the measures is seen 
to be satisfactory. Lack of space prevents us from giving the 


7Ann. Leiden, XIX, No. 2, 1946. 
8Lick O. B., vol. 10, p. 110, 1921. 
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individual values for the other stars, but we shall discuss the 
distribution of their velocities in a later section. 

Figure 2 shows the estimated values plotted as ordinates against 
the measured ones; figure 3 gives a comparison between the Vic- 
toria estimates (ordinates) and the Yerkes* estimates. The spacing 
of the points in the square where both velocities are less than 
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Fig. 3.—Comparison of velocities estimated at Yerkes (abscissae) and at Victoria. 
The spacing of the points in the square 0 < v < 50 is arbitrary. 


50 km./sec. is arbitrary. Since the Yerkes observers used a dis- 
persion of the same order as that of the Victoria spectra they 
probably could not distinguish velocities under 50 km./sec. In a 
private communication Dr. O. Struve* expressed as his opinion 
that the Yerkes scale is probably too open; this would be in agree- 
ment with the trend in figure 3. 

In order to test the method of measuring, it was applied to a 
group of objects whose rotational velocities are probably known 
with rather high accuracy, namely close eclipsing binaries. It has 


*The writer wishes to thank Dr. Struve for permission to quote him here. 
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been recognized for some time® '° that in close binaries with nearly | 
circular orbits the period of axial rotation is probably equal to that 
of orbital revolution. The pairs used as tests were mostly selected 
from Moore's Catalogue of Spectroscopic Binary Stars“ on basis of 
eccentricity and spectral types. Plates from the large collection of 
this Observatory were used, some of them out of the unpublished 
material of J. A. Pearce and A. McKellar. In order to avoid | 
corrections of the true profiles for overlapping of lines arising from 
components of widely different size, we limited ourselves to systems 

with nearly equal radii, and made the measurements mostly on 

: plates taken near the single line phase. In total, 39 spectra of 13 
stars were measured, and the measured and computed rotational 

velocities were found to be in quite satisfactory agreement. A | 
notable discrepancy exists in the case of Y Cygni: computed 
velocity 95 km./sec., observed 236 km./sec.; this star has been 
known before to rotate in a period shorter than its orbital period.® !° 
A number of pairs of large eccentricity showed the same phe- 
nomenon, for example, DI Herculis: period 107.55, eccentricity 

0.46" with computed and observed velocities of 11 and 76 km./sec. 

respectively. The mean difference for the 9 stars for which more 
than one plate was available was found to be 14 per cent. (disre- | 
garding sign) and 2 per cent. (including sign). Hence the general 

correctness of the method seemed well established, and the velocities 
found for the Pleiades should deserve confidence. | 


STATISTICAL DISCUSSION 


It seemed of some interest to investigate what information | 
statistical treatment of the material would yield. Since the number 
of measures is so small, the Victoria estimates for all 75 stars were 
used, as well as those of paper 1. In Table II the numbers in the 
columns ‘‘Obs.” represent the observed distribution function. 
_These numbers will be found to add up to more than 75 (or 69, 
for I). The explanation is the following. The observations are 


*Kuiper, Struve, Morgan: Pub. Yerkes Obs., vol. 7, no. IV, 1939. i 

10Kopal: Harv. Circ., No. 443, 1940. 

uLick O. B., No. 483, 1936. 

2Jacchia: Harv. Bull., No. 912, p. 18, 1940; confirmed by preliminary 
spectrographic orbit by A. McKellar. 
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grouped in intervals of unequal length; e.g., the group <50 of I 
can be considered to contain all stars with v = 0-38 km./sec., the 
group at 50 those with v = 38-62 km./sec., the group at 150 those 
with v = 125-175 km./sec. It is then seen that there are intervals 
of 25, 38, and 50 km./sec. If P(v) is the probability function for 
observed velocities v, then the number entered at v = 50 is: 
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Fig. 4.—The open circles and the line represent the distribution which would 
be observed in the case of a Maxwellian distribution of the rotational vectors 
with modulus 4 = 125km./sec. The dots represent the distribution actually 
observed. 


N X P(50) X Av = N X P(50) X 25; similarly the number at 
v = 150 is N X P(150) X 50. 

Hence, in order to facilitate comparison of the computed and 
observed distributions, and to be independent of the accidental 
grouping of observations, all observed numbers were reduced to 
intervals of 50, through multiplication by factors 2, 4/3, and 1. 
The resulting numbers can then be compared directly with the 
ratios of the computed P(v)’s. 
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The Yerkes estimates of 0 and 25 were taken together in the 
group 0 < »v < 50; since all estimates of I are given in multiples of 
25, the observed numbers are entered on the whole value of the 
velocity rather than between velocity limits, as for the Victoria 
estimates. 

The observed velocities are by no means identical with the true 
equatorial velocities, even if the assumptions as to shape and 
illumination of the disc correspond to reality. What is observed is 
only the component of the velocity in the line of sight, and a spread 
in the observed velocities may partially or entirely be due to spatial 
orientation. 

As is customary, we represent a rotation by a vector in the 
direction of the axis, and of length proportional to the equatorial 
velocity. The observed component is the product of this vector 
and the sine of the angle 7 which it forms with the line of sight; we 
choose the latter as the Z-axis. All the Pleiades are close together, 
and the difference of direction between the stars can therefore be 
neglected. 

Several assumptions can be made concerning the distribution of 
the rotational vectors; three will be considered here. Since no 
observations can distinguish distribution in azimuthal angle, inte- 
gration over this degree of freedom is included in the probability 
functions to be discussed. 


First Assumption 


All vectors are of equal length v, but their spatial orientation 
is completely random. The observed velocities are equal to 9 sin 7. 
Since the probability that 7 is between 7 and 7 + di is proportional 
to sin i di, it follows that the largest observed velocities would be 
the most frequent ones. As this is obviously not the case (Table II 
and Fig. 4) the true distribution of velocities does not correspond 
to this assumption. 


Second Assumption 


The rotational vectors have a Maxwellian distribution. In this 
case the probability that the true velocity is between v and v + dy, 
and the angle with Z-axis between 7 and 7 + di is given by: 


Dh? —h?v? 
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in which / is a constant determining the actual ‘“‘spread’’ of the 
distribution. The observed velocity is v sin 7, and it can be shown 
that the probability of observing a velocity between a and a + da 
is proportional to 

(3) 


The mean observed value is given by+/7/2h .............. (4) 
As we have seen h is the only parameter of the distribution and it 
can readily be determined from the observed mean (4). 

The columns headed ‘‘Comp. I” in Table II give the distri- 
butions computed with formula (3) from the value of # indicated 
at the bottom. In view of the relatively small number of objects 
and the uncertainties inherent in the estimates used, the agreement 
is considered to be satisfactory. The only outstanding discrepancy 
is found in the group of Yerkes estimates B — G. It is obviously 
not possible to represent the large number of small velocities ob- 
served by a distribution of the form (3) which is proportional to 
the velocity, and is therefore sure to yield small numbers of low 
velocity, no matter what value of / is adopted. 


Third Assumption 


In the case where all the axes of rotation are parallel to one 
another, but the velocities of rotation have a Gaussian distribution 
around a certain value vo, the probability of observing a value 
v = a becomes proportional to 

(5) 


The observed mean velocity 3 is given by 


where yo = hvo. 


hv has been tabulated as a function of yo. This distribution is 
seen to have two parameters, h and vp and is therefore more adapta- 
ble than the former one. / and v are to be adjusted so as to give 
the correct mean value v from (6). The columns headed ‘Comp. II” 
show the numbers which give the best fit for the Yerkes estimates. 
The agreement is somewhat better than on the former assumption, 
but this should not necessarily be considered as an indication of 
parallelism of the axes. The large number of low velocities found 
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by the Yerkes observers may be caused by the fact, already 
mentioned, that their scale is probably too open. Moreover many 
observed distributions can be represented by a function similar to 
(5), without any real physical meaning. 

The data thus are seen to be not numerous nor accurate enough 
to distinguish with certainty between the second and third as- 
sumptions. A Maxwellian distribution gives a fair agreement with 
the Victoria estimates, while it involves only the minimum number 
of adjustable parameters. Hence, until a more accurate determi- 
nation can be made, we are inclined to consider the rotational 
vectors of the Pleiades to have a Maxwellian distribution, with a 
modulus around 120 km./sec. 

The writer wishes to express her indebtedness to Dr. J. A. 
Pearce who suggested this investigation, put his spectra at her 
disposal, reclassified them, and made an independent set of esti- 
mates of the rotations. 

She also wishes to thank the other members on the staff of the 
Dominion Astrophysical Observatory, especially Dr. R. M. Petrie, 
for many helpful suggestions and discussions. 


Dominion Astrophysical Observatory, 
Victoria, B.C., 
May 15, 1948. 


ay 
| 


OBSERVATIONS OF THE ROTATIONS OF SUN-SPOTS 
By Francis P. MORGAN 
(with Plate VIII) 


6 hove nature and cause of sun-spots is a problem that has 

attracted much attention in recent years, partly because of 
the high solar activity of the present cycle, and partly because 
of the apparent effects of sun-spots on the weather and radio 
communications. 

The generally accepted theory is that they are whirling vortices, 
differing from our earthly tornadoes mainly in size and degree; 
and that the cooling is due to the expansion of gases arising from 
centrifugal force, while the magnetic field is the effect of rotation. 
The direction of rotation has been inferred from the polarity. I 
think that most astronomers to-day agree that the problem is not 
so simple. 

The writer has made observations regularly during the past two 
years with a six-inch refractor, equatorially mounted, and a pro- 
jector consisting of a white glossy surface, which brings out the 
colours remarkably well. I have noticed that whenever large spots 
at the same end of a group are sufficiently close to each other, the 
umbrae are displaced from the centre of the penumbra towards 
the adjacent spots, and, in some cases, there are no penumbral 
fringes at all on the sides of the spots facing each other. Since like 
charges repel each other, we have here evidence of matter flowing 
from one spot being repelled by the neighbouring spot. In spots 
with multiple umbrae, bright golden-yellow streaks or patches are 
present between the umbrae against the light grey background of 
the penumbral region, the umbrae, in all cases, being a deep purple. 
The larger the umbrae, and the smaller the separation between 
them, the brighter these yellows appear. It is a general feature of 
almost all multiple umbral spots. There is obviously a much 
thinner layer of penumbral matter above the photosphere between 
the umbrae. Also, the colours suggest a segregation of elements, 
which is consistent with theory, since the ions of the heavy atoms 
would repel each other less rapidly than those of lighter weight. 

Another feature is that penumbral wisps or streamers mostly 
point towards the opposite ends of a group, especially in very large 
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groups, as though the preceding and following members were of 
opposite charge, since unlike charges attract. 

The direction of rotation has always been inferred from the 
polarity, but if spots contain high electric charges, then the polarity 
would depend on two things, direction and whether the charge was 
positive or negative. For instance, if the charge was positive and 
rotation counter-clockwise, the polarity would be north. If either 
were reversed, the polarity would be south, but if both the rotation 
and the charge were opposite, the polarity would still be north. 

It was in November 1946 that I first noticed that certain spots 
had curved tails, or arms, attached, sometimes to the umbral and 
at other times to the penumbral regions. I had noticed similar 
effects before but had not attached much significance to them. It 
occurred to me that this may reflect the rotation and it was reason- 
able to assume that the arms trail. In December 1946 I noticed 
two spots which seemed to bear this out, one of which made only a 
slight turn from December 23 to 25, and the other, having a de- 
cidedly curved arm, made a full quarter-turn in one day. It is 
shown on the first two figures of the second row of the drawing. 

I later discovered that such curved tails are just as likely to 
precede the rotations as to trail, and an example of this is shown 
on the two figures marked March 17 and March 18-19. Therefore, 
the only reliable method of checking rotations was a day-to-day 
comparison of the orientation of the major axes of oval-shaped 
medium-sized spots and spots with tails. Larger spots do not seem 
to rotate at all, at least at their peripheries, while smaller spots are 
too circular for rotation study. For spots outside of the central 
zone (more than 30° from the centre of the sun’s disk) allowance 
must be made for an apparent major axis due to the orientation of 
the solar surface to the line of sight. Best results may be obtained 
by the projection method and an equatorial mounting, as it is 
easier to plot the position of the spot under observation, necessary 
for its daily identification, and also to measure the angle of the 
major axes or tails to the solar equator, and any changes of same. 

It is seldom possible to trace a rotation for more than two or 
three days, due mainly to changes in the structure of the spot itself, 
but often to interruptions arising from cloudy weather or to the 
spot approaching too close to the western limb. Nevertheless, I 
have been able to follow the rotation of some spots for as long as 
five days, and even to determine whether they rotate at all. It 
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must be borne in mind, however, that it is only the peripheral ro- 
tations that can be studied. Observation tells us nothing about the 
rotation of the central portions of the umbrae. 

The writer has made a study of rotations by the above methods 
from December 1946 to September 17, 1947, with the six-inch 
refractor at Ville Marie Observatory. Observations were made 
during each alternate week from December to February inclusive, 
and then every clear day from March 1 to September 17, except for 
two weeks from July 12 to 28. A change in business hours has now 
made it necessary to discontinue solar observations. One reason 
for this article is to interest other observers to carry on the study 
of sun-spot rotations. 

During my observations I have obtained rotations for no less 
than 31 spots in 27 groups. The rotations were of an intermittent 
nature, with speeds varying from about 22° in two or three days 
to over 90° in a day, while much of the time there appeared to be 
no rotation at all. Examples are shown in the drawings. Figures 
dated February 3, 5, 6 and 7 are the same spot, the preceding 
member of a southern group. A spot with multiple umbrae, it 
made a turn of over 45° from February 3 to 5 (February 4 was 
cloudy) and then seemingly stopped rotating. A small unipolar 
spot with a tail, already referred to and dated March 17 and 
March 18-19, turned 45° from March 17 to 18 and also diminished 
in size, and then remained unchanged and stationary in rotation 
from March 18 to 19. The three spots mentioned are typical 
examples. The results are tabulated in the two tables shown. In 
Table I, the first column gives the serial number obtained from 
“Magnetic Observations of Sun-spots,” and page proofs of the 
same from March to June, which were kindly furnished me by 
Dr. Nicholson of Mount Wilson Observatory. The next two 
columns give the latitude and the date of central meridian passage 
of the groups to which the spots belonged. My own values of the 
positions were found to be in error by a margin of about 5° in 
latitude and longitude, due to lack of facilities for accurate plotting, 
but the values were close enough to establish their identity with 
the Mount Wilson numbers. Column “P or F’’ states whether the 
spot belonged to the preceding or following of group. Column ‘‘P”’ 
gives magnetic polarity. In the present cycle, all preceding spots 
in the northern hemisphere are of south polarity and the following 
spots north, unless otherwise stated in the Mount Wilson reports. 
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Sun-spot groups of the winter of 1946-1947, illustrating rotation. 


Journal of the Royal Astronomical Society of Canada, 1948. 
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Since none of the spots in Table I were of irregular polarity, the 
polarities were all inferred from the spot’s position in the group to 
which it belonged. 


TABLE I 


No. | C.M.P. Amt. and Direction of Rotation 


8326 Dec. 21 
8333 Dec. 25 
Feb. 5 
8449 Mar. 16.1 
8455 Mar. 21.4 
8466 Mar. 29.2 
8470 Mar. 29.9 
8473 Apr. 1.7 
8486 Apr. 10.9 
8496 >| Apr. 16.2 
8508 Apr. 25.9 
8521 Apr. 27.3 
8540 May 6.3 
8544 May 11.2 
8591 May 28.8 
8593 May 30.6 


“ 


22° Dec. 23-25, CC. 

90° Dec. 25-26, CC. 

60° Feb. 3-5, C; 0° Feb. 5-7. 

45° Mar. 17-18, C; 0° Mar. 18-19 

45° Mar. 17-22, C. 

0° Mar. 27-28; 22° Mar. 28-29, C. 

45° Mar. 29-31, CC. 

45° Apr. 3-4, CC. 

0° Apr. 8-12; 45° Apr. 12-14, C. 

0° Apr. 14-15; 22° Apr. 14-17, C. 

22° Apr. 26-28, CC. 

22° Apr. 26-28, CC. 

67° May 3-5, CC. 

55° May 5-9, CC. 

40° May 11-14, CC. 

22° May 29-30, C. 

45° May 29-31; 45° May 31-June 1, CC. 
105° May 29-31, C; 22° May 31-June 1, CC. 
45° June 21-22, CC. 

45° June 21-22, C; 0° June 22-23. 

45° June 22-23, C; 90° June 23-26, CC. 
45° June 23-26, CC. 


8653 June 19.9 
8660 June 20.6 
8643 June 21.7 
8638 June 21.6 


*No magnetic data for Feb. 


The next column gives the rotational data, as determined by 
the writer. The amount and direction of rotation during the dates 
that rotation was observed are given, ‘‘C”’ for clockwise and ‘‘CC”’ 
for counter-clockwise. ‘‘0°’ means that there was no rotation 
during that time, although the spot remained sufficiently unaltered 
for rotation to have been observed. Since the direction of rotation 
with respect to hemisphere is of importance, all rotations will be 
referred to as direct, D, or retrograde, R, direct being counter- 
clockwise in the north and clockwise in the south. 

In Table II are nine spots for which I have no Mount Wilson 
data. This is the same as for Table I except for the omission of 
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the serial numbers; there is a possibility that one or two may be 
of irregular polarity, in which case the given polarities would be 
reversed. 


TABLE II 

Let. | CLP. iP. o FP Amt. and Direction of Rotation D. or R. 
— 24| July 30.3) P N |30° July 29-30, CC; 0° July 30-Aug. 2. R 
+ 15] July 30.8} P S |45° July 29-30, C; 80° July 30-Aug. 1, CC.} R, D 
+ 18) Aug. 3.4 P S |90° Aug. 1-4, C. R 
+ 10) Aug. 7.6 P S |60° Aug. 6-7, CC. D 

= _ F N |45° Aug. 5-6; 22° Aug. 6-7, CC. D 
— 18) Aug. 7.7}. P N |45° Aug. 7-8, CC; 0° Aug. 8-9. R 
+ 12) Aug. 16.6] P S |67° Aug. 17-20, CC. D 
— 10} Sept. 8.2 P N |67° Sept. 4-5, C. D 

a Pp N |22° Sept. 6-7, CC. R 


It will be noted that of the first sixteen spots studied, all but 
one of the rotations were direct. Of the remainder, six were direct, 
six were retrograde and three showed the remarkable behaviour of 
reversing in direction while under study. Only seven were follow- 
ing spots, due to the fact that these seem to change their structure 
more rapidly, making rotation study more difficult. Six of the 
following and fifteen of the preceding spots were direct in rotation 
and seven of the preceding ones were retrograde. 

In three of the groups, rotations were obtained from the principle 
spots in the preceding and following portions of the same group. 
In two of the groups, in May and August, the rotations were direct 
for both ends of the group. For the other group of May, No. 8593, 
the rotations were opposite between May 29 and 31, that of the 
preceding member being retrograde, but by June 1, the follower 
member had backed up about 22°, while the rotation of the pre- 
ceding member had speeded up, having turned 45° in one day, as 
compared to the same amount in the two previous days. In the 
group of September 8 opposite rotations were found for two spots 
in the preceding end of the group. 


INTERPRETATION OF OBSERVATIONS 


Although the observational data are too scant at present to 
form any definite conclusions, a tentative theory may be proposed 
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to stimulate interest in the subject and to encourage other observers 
to continue the study of rotations. 

The intermittent nature of the rotations, the lack of correlation 
between direction and polarity and the fact that three of the spots 
have been seen to reverse in rotation, suggest that the peripheral 
rotations are caused by changes in magnetic field strength instead 
of the other way round. It is also necessary to assume that the 
spots are highly charged. Otherwise, such magnetic changes would 
only induce electric currents but without any bodily movement in 
the mass as a whole, but other evidence of the charged state of 
sun-spots has already been given. 

This does not disprove the theory of a central vortex producing 
the magnetic field. If the latter were circular and small as compared 
to the total area of the umbral region, there would be no way of 
detecting it by direct observation. Also, it may be concealed 
beneath the visible surface of the sun. The polarities are so con- 
sistent for most groups that we must suppose the rotations of the 
central vortices and the electric charges of the spots to be consistent 
also. The observed or peripheral rotations would depend on three 
factors, polarity, charge and direction of change in field strength. 
The polarity, in turn, would be determined by only two factors, the 
charge and the direction of the central vortex. Since the polarities 
are known, we need only to know the direction of rotation of the 
vortex in order to determine the sign of charge. 

Although the peripheral rotations show little correlation with 
position or polarity for individual spots, there seems to be a prefer- 
ential motion that is direct for both preceding and following spots. 
There is good reason to believe that a change in field strength, 
potentially inducing a rotation which coincides with that of the 
central vortex, would more likely be effective than that which 
would induce rotation in the opposite direction. Radial-velocity 
measurements made at Mount Wilson on spots near the sun’s limb 
indicate a velocity of matter just above the surface of a spot of one 
km. per sec. outwards from the centre. Charged particles, in 
moving outwards from the magnetic axis, would receive a rotational 
movement in the same direction as that of the central vortex pro- 
ducing the field, provided that the latter was charged of similar 
sign. Also, friction between the various parts of the area would 
naturally favour a similar rotation for all parts. If, therefore, the 
preferential motion observed for their peripheries be considered as 
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an indication of the rotation of the central vortices, then the latter 
would be direct for both ends of a group. Since the polarities are 
opposite, the charges would also be opposite, the preceding spots 
for both hemispheres being electrically negative and the following 
spots positive, in the present cycle. It is understood, of course, 
that the spots contain a mixture of ions of both charges as well as 
free electrons, but that there is a surplus of certain charges present. 

At present, it appears that sun-spot phenomena are due to some 
internal mechanism. This brings about a segregation of electric 
charges whereby, in the present cycle, negative charges are de- 
flected forwards, or westward, and positive charges eastward. The 
expansion and resultant cooling is due to the repulsion of the 
charged particles, and the magnetic field to a rotating vortex within 
rising masses. Meanwhile, it would be well worth while if ob- 
servers now engaged in a study of sun-spot numbers would also 
make a study of rotations. 


4235 Decarie Blvd., Apt. 7, 
Montreal 28, Que. 
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GALACTIC NOISE AND THE PLANE OF THE GALAXY 


By Ruts J. Nortucott and E. WILLIAMSON 


INCE Jansky! first discovered the existence of extra-terrestrial 
radiation at radio frequencies, it has been recognized that the 
source of the radiation is in some way connected with the galaxy. 
Reber’s original survey at 160 mc./sec.? indicated qualitatively a 
strong correlation with the galactic plane. Several other researches 
at various frequencies have been carried out, * * ° and they all tend 
to confirm this relationship. However, the original observations 
as published are quite heterogeneous as to method of presentation 
of results. Some of the work was carried out with other purposes 
in mind than fundamental astronomical research, and was not even 
reduced to equatorial co-ordinates. The accounts have tended to 
be published in somewhat fragmentary form; some of them have 
appeared in journals not readily accessible in astronomical libraries. 
For these reasons, it seems worth while to collect the major re- 
searches on galactic noise, and to present the results graphically 
with reference to galactic co-ordinates and on a uniform scale. 
Table I gives, for the surveys treated here, the frequency at 
which the observations were made, the observer, the directions in 
which the radio telescope could be pointed, the plane of the in- 
coming electric wave most sensitively received, and the approxi- 
mate resolving power of the telescope. In the figures, the results 
have been plotted to uniform scale on galactic co-ordinates; in each 
case, the outlines of the Milky Way from Norton’s Star Atlas have 
been added for comparison. 

Mr. Grote Reber has converted the original observations of 
Jansky and of Sander to intensity as a function of right ascension 
and declination, and has kindly supplied the writers with a table 
of these results. The published results of Reber’s surveys appear 
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TABLE I 
Freq. Observer Obs’n Plane Polar’n R.P. 
Mc./s 
20.5 Jansky! Horizontal 30* 
60 Sander® (25° alt.) Hor’l 24 
64 (12° alt.) Hor'’l 20T 
160 Reber? Meridian LL Merid. 7 
480 Reber® Meridian LL Merid. 3 


*Horizontal; vertical unspecified, but much broader. 
{Published contours are derived from observations which have been modified 
with a view to compensating for the width of the antenna pattern. 


as rather small-scale diagrams; he has kindly allowed the use of 
his data in tabular form, making the task of converting to galactic 
co-ordinates much more convenient and accurate. For each set of 
observations, with the exception of those of Hey, Phillips and 
Parsons, we have computed galactic co-ordinates based on the 
I.A.U. pole. The data of Hey, Phillips and Parsons appeared 
graphically in galactic co-ordinates, and merely have been redrawn 
for figure 5. 

In interpreting fine detail in the drawings, one should bear in 
mind the finite resolving power of radio telescopes as compared 
with astronomical telescopes. In fact, with one exception (Hey, 
Phillips and Parsons), no attempt has been made on the part of the 
observers to correct for the antenna pattern, and in many cases it 
has not even been measured. For orientation, a circle on each figure 
has been drawn to give an approximate idea of the size of the 
antenna beam of the instrument used in the corresponding survey. 

The problem of absolute intensities at radio frequencies is at 
least as complex as at optical frequencies. For this reason, the 
levels of intensity have been used as they appeared from the 
observations; the internal consistency for each frequency is much 
more reliable than the absolute value. 

It is natural to inquire, on examining the figures, to just what 
extent the plane of symmetry of any set of observations of galactic 
noise agrees with the plane of the galaxy. The obvious internal 
consistency of some of the more complete surveys leads one to 
suspect that significant results might be obtained. With this in 
mind, we have undertaken a least-squares solution for the small 
circle of symmetry best fitting the observations of Reber at 
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160 mc./sec., and another for his 480 mc./sec. observations.* 

Briefly, the procedure of reduction was as follows: for selected 
galactic longitudes (generally five degrees apart), median galactic 
latitudes were calculated on the basis of the observed contour- 
levels. In the computation of the median latitudes, each pair of 
contour-levels was assigned a weight proportional to the square 
root of the observed intensity. The series of galactic latitudes and 
longitudes thus obtained were to be fitted to a small circle; it was 
felt that a great circle might overly constrain the problem. Since 
the inclination to the assumed galactic equator was small, it was 
possible to institute a linear least-squares solution for corrections to 
the position of the assumed pole and the north polar distance 6 of 
the small circle from the corrected pole. For convenience, normal 
points were formed consisting of either two or three points, suitably 
grouped. Results of the computations, with positions of the cor- 
rected pole expressed in equatorial co-ordinates, are: 


(1900) Range in | Normal 
Freq. R.A. Dec. 6 Gal. Long. Pts. 


160 34.75 + 27.°10 + 0.°26/91.°61 + 0.°20) 325°—210° 12 
480 40. 9+ 2. 29. 10 +0. 87|90. 72 + 0. 54) $330 —55; 10 
150 —180 


It will be noted that the probable errors indicate high internal 
consistency of the observations; barring systematic errors of the 
observations, considerable faith could be placed in the above 
results. For example, an error of even one degree in the measured 
orientation of the electrical axis of the antenna with reference to 
true north or the zenith would undoubtedly introduce serious error 
into the range in longitude. However, it should be remembered 
that the observers were pioneering in a new field of research; 
moreover, the primary purpose of the observations was an ap- 
proximate mapping of the principal sources of galactic noise. It 
would be surprising then, if the orientation of the electrical axis 


*Preliminary computations from the data of Hey, Phillips and Parsons were 
undertaken; however, the observations showed evidence of such a large scatter 
that it was not considered worth while to proceed. 
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of the antenna were systematically accurate to a small fraction of 
the probable error.f 

Another source of uncertainty lies in the fact that approximately 
90° of galactic longitude never appear above the horizon for ob- 
servers in northern latitudes. This is unfortunate for two reasons. 
In the first place the centre of the galaxy, in Sagittarius, is not far 
above the horizon for northern observers. Thus it has been im- 
possible to continue the contours much beyond this centre, 
especially as measures made near the horizon suffer maximum 
terrestrial interference. In the second place, the incomplete sector 
in galactic longitude produces the same elements of uncertainty 
with which astronomers have long been familiar in determining 
statistical motions, such as solar motion, star streaming and galactic 
rotation. It is hoped that co-ordinated observational programmes 
in the southern hemisphere will soon permit a continuous mapping 
of the radio noise contours of the galaxy. 

It is a pleasure to acknowledge our indebtedness to Mr. Grote 
Reber, whose kindness in placing at our disposal his reductions 
of Jansky’s and Sander’s data to equatorial co-ordinates, and 
unpublished tables of his own observations, made this work a 
feasible project. 


Richmond Hill, Ontario. 
November 1948. 
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+Reber has informed us in a letter that he used radio observations of the 
time of transit of the sun to check his meridian, and believes no systematic errors 
of orientation greater than 14 degree exist in his observations. 
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JUPITER AND SATELLITES I, II, II AND IV 


DURING 1949 


By CHARLES E. APGAR 


HE following table, in continuation of work published previous 
years in THE JOURNAL, gives the periods during 1949, when 
Jupiter’s satellites will be either all East or all West of Jupiter. 
The times given are for the 75th meridian (Eastern Standard Time). 


1949 All 


Duration 


All 


Duration 


Feb. 9 West 
19 East 
24 West 


Mar. 2 West 
5 East 

12 East 

17 West 

26 East 

31 West 


Apr. 9 East 
16 West 
21 West 
23 West 
24 East 


May 1 East 
5 West 
7 West 

11 East 

15 East 

20 West 

21 West 

27 West 

29 East 


June 1 East 
4 West 

10 West 

11 West 

13. East 

16 East 

20 East 

24 West 

25 West 

30 East 
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18 
08 


15 
18 
06 
13 
19 
12 


18 
01 
10 


58 
15 


42 
56 
46 
56 
04 
17 


52 
23 
03 
10 


East 

West 
West 
East 

West 
West 
West 


East 
West 
East 
East 
West 


West 
East 
West 
East 


West 
East 
East 
East 
West 
East 


West 
East 
West 
East 


East 
East 
West 
West 
East 
East 


115 07" 
10 38 
04 11 


4 
Becinsat «1919 Beginsat 
53" July 7 06% 10™ 
| Ol 44 15 19 45 
21 09 39 18 48 
20 11 24 11 38 42 
09 °39 30 00 13 03 17 
11 38 31 02 55 12 41 
44 
15 23 Aug. 4 13 28 18 28 
07 11 14 06 25 13 45 
18 17 17 10 
19 26 25 19 12 17 28 
00 00 28 09 58 353 
15 07 
01 53 02 Sept. 3 11 41 00 38 
00 560217 8 23 01 ‘51 
18 15 27 43 
04 52 «15 07 23 02 51 17 43 
20 15 08 42 
: 05 38 03 27 | Oct. 2 19 12 18 02 
15 55 7 10 39 
12 31 7 23 04 
01 14 07 31 14 10 43 
09 19 O4 54 16 23 02 «18-56 
03 39 00 34 28 16 00 14 09 
19 52 07 27 
Nov. 7 04 53 55 
21 23 34 2117 12 59 
15 49 03 34 21 08 52 18 54 
08 24 06 02 27 14 36 
«215 
02 55 03 57 | Dec. 3 0 11 10 55 
00 56 O1 4 16 31 02 07 
06 20 02 18 5 12 53 
13 O01 12 14 54 02 
18 14 08 55 17 10 27 09 41 
04 2% 815 15 31 15 41 08 31 
280 
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The following gives the seventeen periods during 1949 when 
Jupiter apparently will be attended by only one satellite and on 


Jupiter and Satellites during 1949 


March 4th, for 8 minutes, by no satellite. 


The times given are for the 75th meridian (Eastern Standard 
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Time). 

1949 Config. Begins at Duration 
Feb. 11 4**-O-d 045 07™ 02 16™ 
18 **_O-d4 06 07 02 15 

25 4**-O-d 08 13 02 09 
Mar. 4 3**-O-d 10 05 02 15f 
Apr. 23 **_O-*2 21 23 00 48 
Sept.14 4**-O-* 03 03 00 13 
21 1*-O-d* 03 54 00 59 

28 *#_O-*4 07 55 00 17 

Oct. 1 4*-O-dd 19 41 00 33 
5 4**-O-d 08 38 01 35 

7 *#*_0-3 06 28 00 13 

8 *-O-dd4 21 35 02 24 

12 **-O-d4 10 35t 02 41 

16 4*-O-dd 00 35 01 59 

19 4**-O-d 14 36 01 16 

23 4*-O-dd 04 38 00 23 
Nov. 9 3**-O-d 21 04 00 44 


{During the last 8™ of this period all four satellites are 
invisible. 


{Beginning at 10% 31™ II, I, III disappear within 4”. 


Configurations— 
O represents the disk of the planet. 
* signifies the satellite is occulted or eclipsed. 


d signifies’ the satellite is on the disk. 


549 Carleton Road, 


Westfield, N.J. 
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REVIEWS OF PUBLICATIONS 


Das Fernrohr fiir Jedermann, by Hans Rohr. 170 pages, 5 by 
734 in. Ziirich: Rascher Verlag, 1948. 

This little book is written for the layman, who is not a mechanic, 
and who has access only to the simplest tools. No technical 
knowledge of glass working or optics is assumed. The author is an 
enthusiast who has had practice in inducting the layman into these 
mysteries, and takes him by the hand and gently leads him on 
through the stages of making a small reflecting telescope. The 
difficulties are dealt with as they arise and present themselves to 
the beginner. The style is good for the purpose in hand: chatty, 
colloquial, repetitive. It is assumed that the telescope will be 
constructed at home, and the exigencies of the “‘besenschwingende 
Hausfrau”’ are carefully attended to. 

The major part of the book (100 pp.) is devoted to the details 
of grinding, polishing and figuring. These details are given very 
fully ard clearly. 

The author recommends the amateur to have his mirror silvered 
or aluminized by techricians, rather than attempt this himself. 
Advice is also given on the type of eyepieces to select. Perhaps too 
little (30 pp.) information is given on the details of making the 
mounting, considering the type of person the book is aimed at, 
but the principal types of mounting are described and a simple type 
of construction is shown which will be familiar to North American 
amateurs. 

The book closes with a short bibliography of books on telescope- 
making in German. The author makes it clear, however, that his 
chief inspiration has been ‘Amateur Telescope Making”’ (Editor: 
A. G. Ingalls, Publisher: Munn & Co., N.Y.) and ‘Amateur 
Telescope Making, Advanced” (same). Thus European amateurs, 
too, have reason to be grateful to Ingalls, Porter, Everest, et al. 


R. L. BAaGLow 
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Ionospheric Radio Propagation, U.S. Department of Commerce, 
National Bureau of Standards Circular 462. Issued June 25, 1948. 
For sale by the Superintendent of Documents, U.S. Government 
Printing Office, Washington 25, D.C. Price $1.00. 

Long-distance radio transmission, now a commonplace in war 
and peace, depends for its existence almost entirely on those layers 
of ionized particles in the upper atmosphere known as the iono- 
sphere. A radio wave of a suitable frequency sent out from a trans- 
mitter will be reflected from the ionosphere, and so can be received 
by a station which would otherwise be completely out of range. 
But the structure of the ionosphere varies markedly as a function 
of geographical position and of time. The frequency best suited 
to a given transmission path and the power necessary to achieve a 
given level of intelligibility, is also a sensitive function of the 
physical state of the ionosphere. It is the purpose of Jonospheric 
Radio Propagation to present in a concise and unified way, the basic 
theories and observations relating on the one hand, the state of 
the ionosphere to numerous physical factors, and on the other hand, 
how the state of the ionosphere influences radio transmission. 

Since a clear understanding of the physical principles of the 
propagation of radio waves by way of the ionosphere is fundamental 
to the understanding of practical radio transmission, the first topic 
to be treated in the manual is the Appleton-Lorentz theory of 
transmission of electromagnetic radiation through an ionized 
medium. This is set forth in a clear and concise way, quite suitable 
as orientation toward a working knowledge of the theory. 

Next follows an account of the currently-used methods of 
exploring the structure of the ionosphere, as to height of the ab- 
sorbing and reflecting layers, and the maximum frequency at which 
reflection can be expected. Other measurement teckniques dis- 
cussed include methods of measuring the field-strength (i.e., in- 
tensity) of radio signals, and of interference of atmospheric and 
extra-terrestrial origin. 

With an understanding of the observational methods, the reader 
is well prepared for the next chapter, which outlines the salient 
facts concerning the structure of the ionosphere as revealed by 
observations and by theoretical investigations. The variation in 
ion-density and in height of the E and F1 layers of the ionosphere 
depends not only on local geographic conditions, but also on the 
local time and the zenith distance of the sun. In addition, structure 
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of the F2 layer varies with the geomagnetic latitude. The general 
features of these relationships are well shown in a set of 12 specimen 
maps. 

Now the ion-densities in the ionosphere are fundamentally the 
determining factor in what frequencies are most useful in trans- 
mission Over a given path. When it is realized that under standard 
conditions, the most useful frequency may be different not only for 
different path-lengths, but for the same path-lengths in different 
directions, some idea may be obtained of the general complexity of 
the problem whose method of solution (a complicated, semi- 
empirical one, to be sure) is outlined in the ensuing chapters of the 
Circular. 

As a matter of fact, the state of the ionosphere is also intimately 
related to the number of sun-spots on the sun’s disk, and so accurate 
forecasts of the sun-spot number as far in advance as possible are 
of high importance in predicting the best channels for radio 
transmission. 

Another factor in selecting a frequency and a power for trans- 
mission is obviously the amount of extraneous noise or interference 
against which the signal must compete. In most cases, this is 
either the irreducible first-circuit noise of the receiving set, or 
‘static’ arising from distant thunderstorms. However, under certain 
conditions, the limitation is interference coming from outside the 
earth, whose source is in fact the galaxy. And under unusual 
conditions, emission from the sun in the relevant frequencies is on 
occasion so strong as completely to overwhelm all transmitted radio 
signals. 

It is of the greatest interest to see the many points at which 
astronomy touches the problem of radio transmission. Not all of 
them can even be mentioned here. It is safe to say that without a 
knowledge of astronomy, radio propagation currently would be 
impossible. As a manual of one phase of practical astronomy in a 
true and modern sense, Jonospheric Radio Propagation can be read 
and studied with profit by anyone with more than passing interest 
in astronomy or radio. R. E. WILLIAMSON 
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THE BRIGHT SOUTHERN COMET, 1948-L 


Early in November a very brilliant comet was observed by 
many people in the southern hemisphere, and by a few dwellers in 
the southern and middle stares. There is no record of ics having 
been observed in Canada; this is due to its southern position, low 
in the dawn sky, and to the occurrence of gererally cloudy dawrs 
the few mornings when the comet was brightest. 


Nov.16 _NOV.6 


Parabolic elements of comet 1948-L were computed by 
Hirst and Stoy, of the Cape of Good Hope Observatory, South 
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Africa, and by Maxwell, of Howard University, Washington. The 
elements of the latter, based on observations of November 8, 9 
and 10, are as follows: 


Perihelion passage T 1948 Oct. 27.501 G.C.T. 
Longitude of perihelion @® 106° 06’ 

Longitude of ascending node QQ 209° 47’ 

Inclination & 22° 53’ 

Perihelion distance q 90.1296 AU = 12 million miles. 


These elements are shown on the accompanying diagram. Here 
the plane of the comet’s orbit lies in the plane of the paper, and the 
earth’s orbit is inclined at 22° 53’ to this plane. The chief peculiari- 
ties of the motion are apparent from the diagram. Due to the small 
perihelion distance, the comet completed about 180 degrees of its 
orbit during the five days preceding, and five following, its closest 
approach to the sun. During this time, though it must have been 
exceedingly brilliant, it was not discovered, due to its small sepa- 
ration from the sun. Thereafter it faded rapidly, as its heliocentric 
distance increased, but it remained near the sun, in the dawn sky, 
and south of the ecliptic. By the time it separates from the sun, 
as seen from the earth, it will be much fainter, and sti!l too far 
south to be readily located from Canadian latitutes. 


F. S. H. 


JuPITeER PLuvius—ORIGIN OF THE NAME 


In answer to a request from a reader as to why the Romans 
used the term Jupiter Pluvius, the following information is given. 

In mythology Jupiter was the king of the gods. Since he was 
the lord of heaven the Romans attributed to him all changes in the 
heavens, such as rain, storms, thunder and lightning. The Romans 
believed that all the happenings on earth were the results of the 
will of Jupiter. Thus Jupiter was invoked at the beginning of every 
undertaking and an offering of thanks was made at the successful 
conclusion of any enterprise. When the country needed rain, the 
help of Jupiter was sought by a sacrifice. Jupiter was then called 
Jupiter Pluvius. Jupiter received many epithets, such as Fulgu- 
rator, Victor, Prodigalis, Termius, depending on what was being 
asked of him. 


R. J. N. 
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ENGLISH ABSTRACTS OF RussIAN ASTRONOMICAL ARTICLES 


For many years in the Russian Astronomical Journal and other 
important Russian publications the articles have been accompanied 
by short abstracts translated into English, French or German. 
Recently the Soviet Government has decided to dispensé with these 
foreign abstracts, leaving the journals wholly in the Russian 
language. To facilitate the use of these publications by non- 
Russians, the American Astronomical Society has formed a com- 
mittee under Professor Otto Struve to furnish English summaries 
of the most important Russian papers. These mimeograph 
summaries are being distributed at cost by the war-born Com- 
mittee for the Distribution of Astronomical Literature. The first 
issue runs to twelve pages, and contains nine articles, all by Dr. 
Struve. These include articles on variable stars, the 1947 Siberian 
meteorite, solar faculae and stellar evolution. This is listed as 
Astronomical News Letter No. 37, dated November 9, 1948. The 
subscription price to the mailing list is three dollars, to be sent to 
Dr. Bart J. Bok, Harvard College Observatory, Cambridge, Mass. 

&. 


PERSONALIA 


Retirement of Miss Budd. In 1905 the Royal Astronomical 
Society of Canada was fortunate in securing accommodation for 
its head office at 198 College Street, Toronto; and there it re- 
mained until 1946, when it was moved to 3 Willcocks Street, in 
order to make way for a monster building devoted to Chemistry 
which has since been erected by the University of Toronto. In 
1912 Miss Eva M. Budd became Assistant Secretary of the Society, 
and she has held that position ever since. She has now tendered 
her resignation and her numerous correspondents will wish her a 
happy life of retirement. . 

Death of A. C. Gifford. Mr. I. L. Thomsen, director of the 
Carter Observatory, Wellington, N.Z., reports the death of Alger- 
non Charles Gifford on February 28, 1948, and remarks: “‘New 
Zealand has lost its most enthusiastic astronomer and a wonderful 
personality”. In past years several of his papers have appeared in 
the JouURNAL. In a letter to the present writer dated July 17, 1941 
Mr. Gifford stated that he was in his 80th year. He was an able 
mathematician and did not hesitate to attack difficult problems, 
such as the origin of the solar system. CAS 
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NEW SUMMARIES OF CANADIAN WEATHER AND CLIMATE 


The Meteorological Division of the Canadian Department of 
Transport has recently issued four important publications on 
climate and weather conditions. Data are included for several 
hundred meteorological stations, and averages are based on 
measures over anywhere from a few years, for newer stations, to 
105 years, for Toronto. 

Of most general interest are the two volumes on Climatic 
Summaries. Volume I gives average values, monthly and annually, 
of mean and extreme temperature, mean and extreme humidity, 
hours of sunshine, and inches of rain and snow. Volume II tabulates 
data on humidity and the annual and monthly frequency of winds 
and wind speeds from each direction. As well as this there is a 
brief description of the location and local topography of each 
station. These two volumes, priced at twenty-five and forty cents 
respectively, thus supply in a very convenient form the answers to 
the questions which constantly arise as to how current weather at 
any location compares with the average conditions. 

The second pair of volumes, General Summaries of Hourly 
Weather Observations in Canada and Newfoundland for 1947, are 
much more detailed and specialized. They are planned primarily 
for aviation purposes, and are based on data obtained from hourly 
records at various airway weather stations. For each station the 
number of hours of clouds each month, the total hours of each type 
of cloud, the total hours of each type of precipitation, from drizzle 
to hail and thunderstorms, extensive data on visibility and ceilings, 
and wind velocities and directions. The stations are arranged 
geographically, Part I including all stations from Manitoba 
westward, and Part II from Ontario eastward, including Labrador 
and Newfoundland. 


METEORS ON THE Moon 


On page 194 of this year’s JOURNAL is a report by A. J. Wood- 
ward of an observation of what might have been a meteor falling 
on the surface of the moon. Many of our readers will remember a 
notable series of articles entitled, ‘‘Does anything ever happen on 
the moon,” contributed to our JOURNAL in 1942 by Walter H. Haas, 
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as well as elaborate summaries of observations on the surface of 
the planets by the same writer which appeared in other years. At 
present Mr. Haas is on the staff of the University of New Mexico 
and is editor of The Strolling Astronomer which is published in the 
interests of the Association of Lunar and Planetary Observers. 
No. 10 of Vol. 2 (Oct. 1, 1948) of that publication is a short paper 
on “Statistics on Searches for Lunar Meteors’’, which by his kind 
permission is printed below. 


In several issues of Volume 1 of The Strolling Astronomer we discussed the 
possibility of lunar meteoritic impact-flares and of lunar meteors. The former 
must occur in huge numbers on a completely atmosphereless moon. Even a 
very rarified atmosphere, however, would make lunar meteors possible and would 
greatly reduce the number of impact-flares. The careful and prolonged exami- 
nation of the moon, particularly of the dim earthlit portions, should hence be a 
delicate test for a tenuous atmosphere. 

Systematic searches of this sort carried out in the years 1941-8 total 145 
hours. Observers reporting results during the last two years are W. H. Haas, 
M. Williams, L. T. Johnson, H. M. Johnson, A. W. Mount, F. M. Garland, and 
H. Dall. The estimated average area of the lunar region they watched is about 
900,000 square miles. The estimated average stellar magnitude of the faintest 
observable meteor or impact-flare is 8.3. These 145 hours of searching have 
revealed 15 luminous specks. Of these, three were patently ordinary terrestrial 
telescopic shooting stars. Two others were stationary and may be impact- 
flashes; they may also be meteors moving on the line of sight. The remaining 
10 moved with reference to the lunar surface and showed just those aspects which 
we should expect lunar meteors to exhibit. The observed velocities, however, 
are often great ¢nough that, interpreting these moving lunar specks as meteors 
luminous in a thin atmosphere, will require admitting a number of hyperbolic 
velocities. 

An extremely conservative estimate of the number of meteoritic impact-flares 
in a year upon our lunar area of 900,000 square miles that would be brighter than 
stellar magnitude 8.3 is 1,000 if the moon has no atmosphere. At most, two such 
flares were observed during the 145 hours of our searches. The probability of 
this obtained result can be computed from one of Bernoulli's Theorems to be 
less than .00001, and we are accordingly compelled to reject the hypothesis that 
the moon has no atmosphere at all. Clearly, a very few meteorites reach the 
lunar surface with undiminished cosmic velocities; otherwise, impact-flares would 
be more numerous. 

It is impossible to regard all the moving lunar specks as terrestrial meteors, 
because of the extreme shortness of their paths. (Some, of course, may be 
terrestrial.) In addition, they are far more numerous than studies have shown 
terrestrial meteors of the same brightness to be. 

There have now been observed, to our knowledge, a total of 16 moving lunar 
specks, six of them when the moon was not being specifically watched for their 
appearance. (We do not count specks obviously terrestrial meteors.) The 
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following data on the frequency of specks of different brightnesses may be of 
some interest. 

Stellar Magnitude: 1-2 3-4 5-6 7-8 9-10 11-12 

No. of Specks: 1 
It will be noticed that the specks grow more common with decreasing brightness 
until we reach those so dim that most of them go unobserved. Our possible lunar 
meteors in this respect resemble terrestrial ones. 

It would be a very excellent thing to obtain duplicate observations of one of 
these moving lunar specks. One could thus have a completely conclusive test of 
whether these objects are in the earth’s atmosphere (though what they could 
be is far from evident) or far beyond it and hence presumably near the surface 
of the moon. For this purpose one requires simultaneous surveys of the moon 
by two observers. They need not be far apart; two or three miles would be 
sufficient. It would be best for them to be in easy and rapid communication 
with each other in order to insure identity of any object the two observed against 
the moon. Surely this important project is simple enough to engage the attention 
of two or more of our readers. We shall welcome correspondence from anyone 
on the subject. 
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MEETINGS OF THE SOCIETY 


AT SASKATOON 


January 19, 1948—The speaker of the evening was Mr. P. A. Forsyth, 
Lecturer in the Dept. of Physics at the University of Saskatchewan, and his 
subject, “Principles and Astronomical Applications of Radar”. Mr. Forsyth 
began with a description of a radar set, and explained the functions of the com- 
ponent parts. He indicates that a radar echo which results from a reflection of 
rudar waves is similar in nature to a sound echo, and distances may be deter- 
mined using radar equipment by measuring the time which elapses before a 
radar echo is received. Since radar waves travel with very high velocities, the 
time which passes before the echo is received is small, and cannot be measured 
with a watch. The speaker explained how a device called a cathode ray oscillo- 
scope may be used to measure these times. 

Mr. Forsyth discussed various wartime uses of radar such as the detection 
of approaching aircraft, and the problems of navigation. He showed the great 
versatility of the radar equipment which has been developed. 

Radar has interesting applications in the field of astronomy. For instance, 
radar contact with the moon has been accomplished, and it may be possible to 
measure the distances to a number of the asteroids. Radar may also be used to 
detect the presence of meteors; in this case the reflection takes place from the 
layer of ionized gases produced by the meteor. The speaker concluded by indi- 
cating a few future astronomical applications. 

March 15, 1948.—The speaker of the evening was Mr. Shaw, a senior 
student in Engineering Physics at the University. Mr. Shaw delivered a very 
interesting lecture on the measurement of time. An understanding of the celestial 
sphere is essential for a description of the motion of celestial bodies. The speaker 
first explained the properties of the celestial sphere and indicated the position 
of a number of reference points such as the zenith, and the vernal equinox. The 
measurement of time involves the orbital and rotational motions of the earth. 
The rotational motion of the earth causes the sun to move westward across the 
sky, and the interval of time between successive passages of the sun across the 
upper meridian is one day. It is readily understood that changes in the speed of 
rotation of the earth will produce a change in the length of the day. Accurate 
time-keeping over the years has indicated that the rotational speed of the earth 
is not constant. Evidently the earth is expanding and contracting in a periodic 
manner; this change in size is sufficient to change the speed of rotation. As 
the earth moves round the sun with variable velocity the length of the day 
changes. To avoid this effect the “mean sun” has been invented; this is a 
fictitious body which moves with uniform speed across the sky, and hence the 
length of the day is constant when measured with respect to this “mean sun”. 
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Mr. Shaw discussed briefly the various types of clocks which are in com- 
mon use, and indicated the devices used in accurate time-keeping. The audience 
asked a number of questions concerning the motions of the earth and the effect 
oi these motions on the problem of time measurement. 


AT WINNIPEG 


March 15, 1948—A regular meeting of the Winnipeg Centre was held in 
Theatre “B” of the University of Manitoba on the evening of March 10th. Mr. 
L. W. Koser, president, was in the chair. Approximately fifty were present. Mr. 
D. R. P. Coates presented “Astronomy in the News” giving us latest conceptions 
of what we may expect from the 200-inch Palomar telescope. 

Mr. H. E. Rasmussen gave another in his series of demonstrations of scien- 
tific instruments. He carried out experiments with “Polarized light” using a 
projector and two plates of “Polariod” with plastic models between them. He 
illustrated the method used by engineers to ascertain the strain which takes 
place in beams, columns and mechanical parts when subjected to different stresses. 
By making similar parts with plastic and by passing polarized light thru them 
the strain patterns can be analysed, thus enabling the engineer to properly de- 
sign parts which will resist forces to which they will be subjected. 

The feature presentation was given by Mr. L. T. S. Norris-Elye. He gave 
a lecture on the moon and illustrated with a most excellent selection of slides. 
The speaker has made an extensive study of the moon and is an authority on this 
satellite of ours. The president thanked Mr. Norris-Elye and remarked that this 
had been our best and most comfortable observation night. 


CuHartes G. Carp, Recorder 
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